I. BACKGROUND
The biomedical physics course at Portland State University (PSU) was developed to provide an intermediate-level physics course relevant to science majors and pre-health students in particular. As at many other institutions, pre-health majors make up a large fraction (81.3%) of the students in introductory algebra-based physics at PSU. 1 The goal of the biomedical physics course is to provide students with the theoretical background to understand the physical principles of various processes in the human body as well as various techniques used in the medical sciences, such as microscopy, diagnostic radiology, nuclear magnetic resonance (NMR), magnetic resonance imaging (MRI), fluorescence microscopy, and radiation therapy. 2 There are many reasons why the creation of such a course now makes sense at colleges in the United States and elsewhere. There is growing concern that the United States is not preparing a sufficient number of science, technology, engineering, and mathematics (STEM) students, teachers, and practitioners. 3 Compared to other nations, the math and science achievement of U.S. students and the rate of STEM degree attainment appear inconsistent for a nation that long had been considered to be a world leader in scientific innovation. 3 In addition to concerns of inadequate STEM education in the United States, several expert panel reports from members of the higher education community have raised concerns about the science content in current pre-health education curricula. [4] [5] [6] Pre-health education has been perceived as neither coherent nor well-structured and has been increasingly important given the unprecedented rate of advancements in medical science and technology during the last 50 years (AAMC, IOM). 4, 6, 7 Furthermore, with the increasing numbers of women and racial/ethnic minorities pursuing medical careers, the development of this biomedical physics course offers a unique opportunity for traditionally underrepresented groups in physics courses to gain additional exposure to physics. 8, 9 Currently, many pre-health course programs require course work in biology, general chemistry, organic chemistry, and physics. 10 Pre-health majors have the option to take algebra-or calculus-based physics. The algebra-based physics courses account for most pre-medicine students; however, since other majors also take this class it does not exclusively focus on material relevant to pre-health professionals. 7 The absence of a pre-health focus results in missed opportunities; for example, although students may be able to describe Compton scattering, the effect of Compton scattering on x-ray image quality may not be discussed within a traditional physics curriculum.
Key technologies not discussed may include several important concepts from the following list: MRI, x-rays, computerized tomography (CT) scans, positron emission tomography (PET) scans, ultrasound imaging, radiation treatment, lasers, and nuclear medicine. A solid understanding of the physics behind these modern medical technologies is important so that physicians will choose the most appropriate diagnostic and treatment modalities, while minimizing extraneous medical costs, radiation doses, and adverse health effects to the patient. [11] [12] [13] Further, to gain admission to a health professions school, students need to earn excellent grades and do well on standardized examinations such as Medical College Admissions Test (MCAT), the Graduate Record Examination (GRE), the Optometry Admission Test (OAT), or the Dental Admission Test (DAT). These examinations may include a physical science section that may not coincide with the learning goals of many physics courses. Consequently, students often experience frustration and consider physics as a required "weedout" course before entering a health professions school.
Finally, a number of pre-health students who enjoyed their physics course often find no appropriate intermediate-level physics course after the first year. Our Physics of Biomedicine course provides a meaningful alternative to this all-too frequently missed opportunity. 10 Here, we will describe how this course was implemented at PSU. The implementation of such an interdisciplinary course is at first daunting, but the inclusion of experts found at the university, other research institutions, and medical centers allows physicists that may not be specialists in the biomedical field to prepare such a course.
II. OVERVIEW
In 2007, over 70% of PSU's students completing algebrabased physics stated on their course evaluations that they supported a biomedical physics course.
14 Based on student demand, this biomedical physics course, titled Physics in Biomedicine, was developed as a pilot general elective course for the summer of 2008.
A. Community involvement
Since the concepts taught in this biomedical physics course include complex ideas that are potentially overwhelming to a single university professor, the instructor developed a network with medical doctors, clinical research scientists, biomedical researchers, and other community contacts such as the Oregon Museum of Science and Industry (OMSI). We believe it is possible for other physics instructors to develop similar contacts within their communities. Potential contacts were identified through Internet searches, university colleagues, and referrals from students. Many of these initial contacts were made by a telephone call and e-mail introducing the professor, the course, and desired learning outcomes. In this introductory e-mail, the professor invited the contact to give a guest lecture on their field of specialty. While not all contacts ended up participating in the course, our requests were met with a lot of interest and support. Of those individuals initially contacted, about one third ended up participating in the course. Others cited time constraints, showed no interest, or did not feel comfortable presenting in a physics course. Of the individuals that did not participate, some provided other contacts that resulted in the recruitment of another expert in the same field. Many presenters have returned in subsequent years to lecture to a new cohort of students.
Advanced planning and flexibility are required on the part of the professor to accommodate scheduling restraints. Handson activities were scheduled during class meetings when a guest presentation was not feasible. Although it may seem challenging to plan this course a few weeks ahead of course implementation, the major benefit of recruiting specialists from the local community is the establishment of an active interdisciplinary and inter-institutional network of medical professionals, physics educators, scientists, and medical physicists crucial to the sustainability of the course in future years.
B. Curriculum
The course was advertised during the general physics course in the spring term, with flyers in the science buildings and in e-mails sent to pre-professional health list servers. About one third of students enrolled in biomedical physics took this course right after finishing their general physics sequence. The first class was held in the summer term of 2008. Since 2008, this course has been offered annually during summer term and has enrolled approximately 15-20 students per term. Table I outlines a sample of specific topics for a one-term course with 130 minutes of class time and a 10 min break (the current course format at PSU). Topics varied from year to year based on the availabilities of guest speakers. The course met five days per week over the three-and-ahalf week summer term. PSU operates in the quarter system and the course length is equivalent to a four-credit course that meets twice a week for two hours during a ten-week term. The course was offered to pre-health, biomedical physics majors, and other interested students who had completed one year of general physics. Course activities included (1) lectures given by the course professor, (2) guest lectures from medical clinicians and research scientists, and (3) designing a poster and oral presentation that explains reallife applications of physics principles to patrons of OMSI. The course explored diverse topics including: florescence microscopy, electrocardiography, endoscopy, laser eye surgery, ultrasound imaging, x-ray imaging, computed tomography (CT), and MRI, and is presented in more detail in Table I .
The topics taught in this course during the past four years but not included in Table I include: functional MRI, MRI contrasts, scanning/transmission electron microscopy, voltage clamp, ion channels in cells, laser speckles, pulse oximetry, Epply's maneuver, polymer stents, and optical coherence tomography (OCT).
Course activities included a combination of an introductory lecture by the instructor followed by a guest lecture, hands on activities, and homework activities utilizing interactive homework assignments based on Physics Education Technology (PhET) Interactive Simulations. 15 A number of students who completed either general physics or this biomedical physics course were involved in subsequent years in the development of several of the laboratory and in-class activities, including a light absorption worksheet and a laboratory exercise in computed tomography. 16 The level of difficulty of the guest lectures varied for the different speakers. Physicians tended to be more advanced in biology, anatomy and physiology, and medicine, while researchers tended to stress advanced math and physics concepts such as how Fourier transforms are used to encode the spatial resolution in MRI images. The course instructor's lectures built on the topics and skills students obtained in the General Physics course. For example, students drew atomic energy level diagrams for a laser and calculated the frequency of the resulting radiation, then later built upon this concept when they drew energy levels of the nucleus to understand why radio waves are used in MRIs. Lectures explored more advanced concepts in atomic and nuclear physics, and connected them to concepts and skills learned in the introductory physics course. Students calculated the magnetic field generated by the superconducting coils in MRIs, and found the number of hydrogen atoms in spin up and down states for different external magnetic fields. While calculus was occasionally employed in the course, the class focused on solidifying mathematical concepts used in an introductory based physics course by giving more advanced applications of these concepts.
Students' grades were calculated from three components: homework, which included conceptual questions from the textbook as well as worksheets with quantitative problems (about 40% of the grade); class participation and attendance (about 25% of the grade); and the oral examination during the poster presentation (about 35% of the grade).
There are multiple books that can accompany this course. We extensively used Suzanne Amador Kane's book Introduction to Physics in Modern Medicine, 2nd Edition. 17 The book tended to be at a slightly lower level of difficulty compared to the lecture, and it encouraged students to read independently outside of class. Students' feedback on this book was very positive. This textbook was used, in conjunction with worksheets by the professor, for written homework assignments. Other books used in the course included Paul Davidovits' Physics in Biology and Medicine, Tuszynski and Dixon's Biomedical Application in Introductory Physics, Benedek and Villar's Physics with Illustrative Examples from Medicine and Biology, and Hobbie and Roth's Intermediate Physics for Medicine and Biology-although the last two are more advanced.
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C. Poster session
For the final examination, students designed a poster and prepared an oral presentation explaining real-life applications of physics principles to patrons of OMSI in Portland, Oregon. The poster presentation was an opportunity for these students to practice communication skills by explaining the technical features of a particular aspect of biomedical physics. OMSI is a non-profit scientific, educational, and cultural resource center dedicated to improving the public's understanding of science and technology. OMSI houses many hands-on exhibits for topics including the natural sciences, such as chemistry, geology, physics, human development, lifestyle issues, and technology. 22 Early in the term, a representative from OMSI visited the class and presented the fundamental steps of designing an effective science poster and engaging museum visitors. One of the most important ideas taught was to "develop a hook," or an attractive title, to attract an individual to the poster. Other crucial design elements discussed during this class meeting included how to cite references, use pictures, and employ a hands-on demonstration in order to engage visitors.
For the poster presentation session, the class was divided into two groups: a two-hour morning session followed by a 2 h afternoon session. The morning group spent an additional hour looking at their peers' posters from the afternoon session using student poster evaluation forms created by the course professor. These forms assessed poster content, organization, and scientific accuracy. Other considerations included both the visual and oral presentation. The second group would arrive 1 h prior to their presentation period in order to complete these evaluations for posters presented during the morning session. Students were required to complete a minimum of four poster evaluations to fulfill the attendance and participation requirement for this class meeting. Their feedback was not used for grading, but we considered it a valuable experience for the students.
In addition to the student evaluation forms, posters were evaluated on a similar grading rubric by OMSI representatives, physics instructors, physics graduate teaching assistants, local science high school teachers, and former students who had previously completed the course. These evaluations were considered for grade assignment.
Poster sessions from prior years allowed the professor to determine the chosen timeframe that had the largest volume of visitors, typically from 10:00 a.m. to 2:00 p.m. After the completion of the poster information session, the posters remained on display for two days in the feature exhibit hall for the benefit of patrons. Table II lists a sample of poster titles from students during the first four years of the course. Certain topics that could be classified in two categories were listed only once, such as radiation therapy. Radiation treatments still in the experimental phase were categorized as "biomedical research."
Students relished the opportunity to discuss their topics with visitors to OMSI. Many students revealed on course evaluations that the poster session was one of their favorite assignments. Other students wrote that the poster session "emphasized communication skills needed for their future health profession." Patrons who visited the exhibit expressed in surveys that they felt that the posters were appealing to look at, organized, and were very clear and easy to understand.
III. COURSE EVALUATION AND DEMOGRAPHICS
From 2008 to 2011, course enrollment included slightly more female students (52%) than male students (48%). Compared to other upper-division physics electives, in which the students are often more than 80% males, this represents a much larger proportion of females. From the 2009 to 2011 cohorts, 40 students completed a demographic survey, whose results are presented in Table III . Students were predominantly upper-classmen and post-baccalaureate students. The majority of students were biology majors (35%), followed by general science (15%) and physics majors (15%). Sixty-eight percent of students were pursuing a career in medicine, while a smaller proportion of students were pursuing a career in research (12%).
Summative student evaluation data is presented in Table IV . The majority of students (23, or 58%) stated that they "strongly agreed" with the statement that they had gained a better understanding of physics concepts after completing the course. In addition, students reported that they felt less apprehensive about enrolling in additional physics courses. A majority of the students (22, or 55%) completing the course said they would read more physics-related books and articles.
Four students (10%) disagreed with the statement that they would consider taking additional physics classes after completing the course. An equal number of students remained apprehensive about physics classes and said they would not read physics-related books after completing the course. However, for the majority of students, this course was a positive experience that sparked motivation for continued study.
IV. DISCUSSION
We have described the development of a biomedical physics elective course at PSU, and reported demographic characteristics and evaluation results for three summer term Table II . Sample student topics for OMSI poster session. Note: Not all enrolled students completed a course evaluation, which accounts for the discrepancy in the number of completed evaluations. a Biology, chemistry or physics (2 students), physics (4 students), neuroscience (2 students). b Biomedical engineering (1 student), forensic science (1 student).
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cohorts of student enrollees from 2009 to 2011. The majority of students reported aspirations toward a career in clinical medicine or to pursue a graduate science degree. Traditionally, females are underrepresented in physics courses after completion of high school. 23 This course holds the potential of increasing the likelihood of having women continue enrolling in intermediate-level physics courses.
Many students enrolled in the course were upperclassmen or post-baccalaureate students. This is consistent with the fact that general physics is a prerequisite to this course. The demographics of the enrolled students have been consistent with the nationwide trend of an increase in non-traditional students applying to medical school. 24 A significant proportion (38%) of students in the course were pursuing a biology degree. Although the largest proportions of biology majors were applying to medical school, a few were considering other career paths, such a neuroscience and forensic science. At PSU, this course was offered as an upper-division elective for undergraduate students in biology or physics, demonstrating the support of both the biology and physics departments for this interdisciplinary course.
A positive outcome of this course was subsequent engagement of students in research projects involving the development of further educational material in biophysics. Six former students of biomedical physics and four general physics students are currently working on projects with the professor. Activities developed by these students on MRI, pulse oximetry, and CT have been used in the class and have been published and made available to the wider community. 16, 25, 26 Five former students started volunteering at OMSI as a result of being involved in this course.
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